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MEMORY CELL STRUCTURE FOR 
ELIMINATION OF OXYNITRIDE (ONO) 
ETCH RESIDUE AND POLYSILICON 

STRINGERS 

This application is a divisional patent application of US. 
patent application Ser. No. 09/033,836, ?led Mar. 3, 1998, 
now US. Pat. No. 6,110,833, entitled ELIMINATION OF 
OXYNITRIDE (ONO) ETCH RESIDUE AND POLYSILI 
CON STRINGERS THROUGH ISOLATION OF FLOAT 
ING GATES ON ADJACENT BITLINES BY POLYSILI 
CON OXIDATION, Which is a continuation-in-part of US. 
patent application Ser. No. 09/009,909, ?led Jan. 21, 1998 
entitled USE OF IMPLANTED IONS TO REDUCE 
OXIDE-NITRIDE-OXIDE (ONO) ETCH RESIDUE AND 
POLYSTRINGERS, Which issued as US. Pat. No. 5,939, 
750. 

FIELD OF THE INVENTION 

The present invention generally relates to integrated cir 
cuits and, in particular, to a method of memory device 
fabrication Which improves memory cell reliability and 
manufacturability by preventing formation of poly stringers 
caused by an oxide-nitride-oxide (ONO) fence. 

BACKGROUND OF THE INVENTION 

Semiconductor devices typically include multiple indi 
vidual components formed on or Within a substrate. Such 
devices often comprise a high density section and a loW 
density section. For example, as illustrated in prior art FIG. 
1, a memory device such as a ?ash memory 10 comprises 
one or more high density core regions 12 and a loW density 
peripheral portion 14 on a single substrate 16. The high 
density core regions 12 typically consist of at least one M><N 
array of individually addressable, substantially identical 
memory cells and the loW density peripheral portion 14 
typically includes input/output (I/O) circuitry and circuitry 
for selectively addressing the individual cells (such as 
decoders for connecting the source, gate and drain of 
selected cells to predetermined voltages or impedances to 
effect designated operations of the cell such as 
programming, reading or erasing). 

The memory cells Within the core portion 12 are coupled 
together in a circuit con?guration, such as that illustrated in 
prior art FIG. 2. Each memory cell 20 has a drain 22, a 
source 24 and a stacked gate 26. Each stacked gate 26 is 
coupled to a Word line (WLO, WLl, . . . , WLN) While each 
drain 22 is coupled to a bit line (BLO, BLl, . . . , BLN). Lastly, 
each source 24 is coupled to a common source line CS. 
Using peripheral decoder and control circuitry, each 
memory cell 20 can be addressed for programming, reading 
or erasing functions. 

Prior art FIG. 3 represents a fragmentary cross-sectional 
diagram of a typical memory cell 20 in the core region 12 of 
prior art FIGS. 1 and 2. Such a memory cell 20 typically 
includes the source 24, the drain 22 and a channel 28 in a 
substrate 30; and the stacked gate structure 26 overlying the 
channel 28. The stacked gate 26 includes a thin gate dielec 
tric layer 32 (commonly referred to as the tunnel oxide) 
formed on the surface of the substrate 30. The tunnel oxide 
layer 32 coats a portion of the top surface of the silicon 
substrate 30 and serves to support an array of different layers 
directly over the channel 28. The stacked gate 26 includes a 
loWer most or ?rst ?lm layer 38, such as doped polycrys 
talline silicon (polysilicon or poly I) layer Which serves as a 
?oating gate 38 that overlies the tunnel oxide 32. On top of 
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2 
the poly I layer 38 is an interpoly dielectric layer 40. The 
interpoly dielectric layer 40 is often a multilayer insulator 
such as an oxide-nitride-oxide (ONO) layer having tWo 
oxide layers sandWiching a nitride layer, or in the an 
alternative can be another dielectric layer such as tantalum 
pentoxide. Finally, the stacked gate 26 includes an upper or 
second polysilicon layer (poly II) 44 Which serves as a 
polysilicon control gate overlying the ONO layer 40. The 
control gates 44 of the respective cells 20 that are formed in 
a given roW share a common Word line (WL) associated With 
the roW of cells (see, e.g., prior art FIG. 2). In addition, as 
highlighted above, the drain regions 22 of the respective 
cells in a vertical column are connected together by a 
conductive bit line (BL). The channel 28 of the cell 20 
conducts current betWeen the source 24 and the drain 22 in 
accordance With an electric ?eld developed in the channel 28 
by the stacked gate structure 26. 

According to conventional operation, the memory cell 20 
(e.g., ?ash memory cell) operates in the folloWing manner. 
The memory cell 20 is programmed by applying a relatively 
high voltage VG (e.g., approximately 12 volts) to the control 
gate 38 and a moderately high voltage VD (e.g., approxi 
mately 9 volts) to the drain 22 in order to produce “hot” 
(high energy) electrons in the channel 28 near the drain 22. 
The hot electrons accelerate across the tunnel oxide 32 and 
into the ?oating gate 34 and become trapped in the ?oating 
gate 38 because the ?oating gate 38 is surrounded by 
insulators (the interpoly dielectric 40 and the tunnel oxide 
32). As a result of the trapped electrons, a threshold voltage 
(VT) of the memory cell 20 increases by about 3 to 5 volts. 
This change in the threshold voltage (and thereby the 
channel conductance) of the memory cell 20 created by the 
trapped electrons is What causes the memory cell 20 to be 
programmed. 

To read the memory cell 20, a predetermined voltage VG 
that is greater than the threshold voltage of an unpro 
grammed memory cell, but less than the threshold voltage of 
a programmed memory cell, is applied to the control gate 44. 
If the memory cell 20 conducts, then the memory cell 20 has 
not been programmed (the memory cell 20 is therefore at a 
?rst logic state, e.g., a Zero “0”). Conversely, if the memory 
cell 20 does not conduct, then the memory cell 20 has been 
programmed (the memory cell 20 is therefore at a second 
logic state, e.g., a one “1”). Thus, each memory cell 20 may 
be read in order to determine Whether it has been pro 
grammed (and therefore identify the logic state of the 
memory cell 20). 

In order to erase the memory cell 20, a relatively high 
voltage VS (e.g., approximately 12 volts) is applied to the 
source 24 and the control gate 44 is held at a ground 
potential (VG=0), While the drain 22 is alloWed to ?oat. 
Under these conditions, a strong electric ?eld is developed 
across the tunnel oxide 32 betWeen the ?oating gate 38 and 
the source region 24. The electrons that are trapped in the 
?oating gate 38 ?oW toWard and cluster at the portion of the 
?oating gate 38 overlying the source region 24 and are 
extracted from the ?oating gate 38 and into the source region 
22 by Way of FoWler-Nordheim tunneling through the tunnel 
oxide 32. Consequently, as the electrons are removed from 
the ?oating gate 38, the memory cell 20 is erased. 

Having described a structural arrangement of the memory 
cell 20, attention is noW brought to fabrication of the 
memory device 10. FIG. 4 illustrates an overall arrangement 
of the memory device 10 at an early stage of formation. A 
substrate 30 is shoWn Which comprises regions of thick 
oxide (?eld oxide) 34 and thin oxide (tunnel oxide) 32. The 
?eld oxide 34 provides for electrically insulating transistors 
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from one and other. A poly I layer 38 has been laid doWn 
over the substrate 30, and sections of the poly I layer 38 have 
been patterned and masked such that an unmasked portion 
42 is etched aWay using convention photolithographic tech 
niques so as to form a series of poly I layer roWs 38. FIG. 
5 illustrates an ONO layer 40 laid doWn over the poly I layer 
roWs 38 and the partially eXposed ?eld oXide regions 34 
betWeen the roWs of poly I layer 38. More particularly, since 
sections of the poly I layer 38 have been etched aWay, gaps 
42 eXist betWeen the roWs of poly I layer 38 such that 
sideWalls of the poly I layer roWs become coated With the 
ONO layer material 40 as it is being deposited. The etching 
step of the poly I layer 38 causes the ONO layer 40 being 
deposited thereon to be non-uniform in step height. More 
speci?cally, since there are gaps 42 betWeen the roWs of poly 
I layer 38, and since the ONO layer 40 conforms to the 
topography on Which it is deposited, the ONO that lies along 
the sideWalls of the etched poly I lines is signi?cantly thicker 
that the ONO on top of either the ?at portion of the poly I 
or the ?at portion of the ?eld oXide. It is to be appreciated 
that the thickness of the ONO layer 40 in the ?gures is 
shoWn to be relatively the same as the other layers for ease 
of understanding, hoWever, the ONO layer 40 is actually 
very thin relative to the poly I layer 38 and poly II layer 44 
(FIG. 6a). 

After application of the ONO layer 40, the poly II layer 
44 is laid doWn over the ONO layer 40 as shoWn in FIG. 6a. 
Like the ONO layer 40, the poly II layer 44 also includes 
undulations as a result of the gaps 42 betWeen roWs of the 
poly I layer 38. The gaps 42 result in the poly II layer 44 
being undulated such that portions of the poly II layer 44 
adjacent an edge of a respective poly I layer roW 38 (Where 
the ONO layer 40 is thickest) is greater in height With 
respect to the substrate surface 30 than a portion of the poly 
II layer 44 Which lies relatively over other areas. As Will be 
discussed in greater detail beloW, the gaps 42 may lead to 
discontinuity in ONO 40 and poly II 44 thickness and even 
possibly ?lm cracks or breaks. 

FIG. 6b illustrates a substantially large maXimum step 
height (yM) that results because of the undulating poly II 
layer 44. In particular, the step height of a portion of the poly 
II layer that lies respectively over a poly I layer roW 38 has 
a step height of y1, and a portion of the poly II layer that lies 
respectively over the gap 42 betWeen adjacent poly I layer 
roWs has a step height of y2. HoWever, the portion of the 
poly II layer 44 Which represents an undulation (i.e., the 
transition from the poly II layer lying over the poly I layer 
roW 38 and over the gap 42 betWeen poly I layer roWs 38) 
has a step height of yM, Where yM is substantially greater in 
height y1 or y2 and results in problems relating to overetch 
requirements and the formation of an ONO fence as Will be 
discussed in greater detail beloW. 

Referring noW to FIG. 7, a resist 50 is lithographically 
patterned over portions of the poly II layer 44. Then, the poly 
II layer 44 is etched aWay at portions not covered by the 
resist 50, the etched aWay portion of poly II layer is 
generally designated at 54. 

FIG. 8 is a partial cross-sectional vieW of the memory 
device 10 taken at the portion 54. As is seen, the poly II layer 
44 has been etched aWay leaving an ONO layer 40 laid doWn 
atop and along vertical sideWalls of the poly I layer 38. The 
?eld oXide 34 and tunnel oXide 36 of the substrate 30 are not 
shoWn for ease of understanding. In FIG. 9, the ONO layer 
40 is shoWn being substantially etched aWay using conven 
tional etching techniques. The ONO layer 40 has a substan 
tially greater step height at side Wall portions 60 of the poly 
I layer 38. As a result, these side Wall portions of ONO do 
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4 
not become completely etched aWay and leave What is 
coined an ONO fence 64 (FIG. 10) along the sideWalls of the 
poly I layer 38. 

In FIG. 11, the poly I layer 38 is substantially etched aWay 
using conventional etching techniques. HoWever, a problem 
often occurs at this step involving formation of poly string 
ers. Poly stringers result from incomplete removal of poly I 
from the unmasked portions of the Wafer during etch. The 
poly stringers of concern here are created during the self 
aligned etch During the SAE, the ONO 40 and then 
the poly I 38 betWeen adjacent second gate lines is etched 
aWay. In the SAE, the second gate lines act as a mask. This 
results in substantially perfect alignment of the ?rst gate 
With the second gate along a direction perpendicular to the 
second gate lines hence, the name self-aligned etch. During 
the SAE, the ONO 64 along the sideWalls of the poly I is 
only partially removed, resulting in the ONO fence. When 
the poly I 38 is etched, for some memory cells a small 
“string” of polysilicon is hidden from the etch by the ONO 
fence. If this happens to even a feW cells in the memory the 
memory chip Will not function properly. As shoWn in FIG. 
12, the ONO fence 64 acts as an umbrella and shields 
portions of the poly I layer 38 from being etched aWay. 
These remaining portions of poly I material are knoWn as 
poly I stringers 70a and 70b as shoWn in FIG. 13, Which may 
result in electrically shorting adjacent memory cells 20. In 
other Words, the poly I etching step of FIG. 11 serves in part 
to isolate one memory cell 20 from another. HoWever, if a 
portion of the poly I layer 38 is not etched aWay and forms 
a conductive path (e.g., poly stringer 70) from one memory 
cell 20 to another, the memory cells 20 Will become elec 
trically shorted. 

FIG. 13 illustrates in perspective vieW the ONO fences 
64a, 64b that have lead to the formation of poly stringers 
70a, 70b Which may cause shorting of poly I layers 38a and 
38b of tWo memory cells 20a and 20b, respectively. The 
polysilicon ?oating gates 38a and 38b rest on the oXide 
coated substrate 30. The ONO fences 64a and 64b remain 
along the sideWalls of the poly I layers 38a and 38b and in 
the region 80 betWeen the tWo memory cells 20a and 20b. 
The additional layers that make up the stacked gate structure 
26 of the respective memory cells 20a and 20b are not 
shoWn in prior art FIG. 13 for sake of simplicity. 
As long as the initial etching of the polysilicon ?oating 

gate 38 (Which delineates cells 20 along a single Word line) 
occurs in an ideally anisotropic manner, no poly stringers are 
formed during the second etching of the ?oating gate 38 
(Which delineates separate Word lines). It is Well knoWn, 
hoWever, that anisotropic etch processes do not repeatably 
provide ideally anisotropic pro?les. Instead, most anisotro 
pic etch processes provide non-ideal pro?les in the range of 
about 85—95° (Wherein 90° is ideal). Anon-ideal anisotropic 
etch pro?le as is illustrated in prior art FIG. 12 leaves an 
angled ONO fence 64 Which acts as an umbrella (or shield) 
to the poly I etch. 
More speci?cally, When the polysilicon gate 38 is subse 

quently etched (in an anisotropic manner via, e.g., reactive 
ion etching (RIE)), as illustrated in prior art FIG. 11, the 
angled ONO fence 64 shields a portion of the polysilicon 
gate 38, resulting in remnants of polysilicon, Which are the 
poly stringers 70. Transposing the non-ideally anisotropic 
etched polysilicon gate 38 and the resulting poly stringers 70 
into their macroscopic context (as illustrated in prior art FIG. 
13), it is clear that the poly stringers 70 pose a substantial 
reliability problem since the poly stringers 70 in the etched 
region 80 can short out the Word lines in regions 82 and 84, 
respectively. That is, instead of the etched region 80 elec 
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trically isolating the Word lines in regions 82 and 84 from 
one another, the poly stringers 70 (Which are conductive) 
span the etched region 80 and cause the poly I layers (i.e., 
?oating gates) 38a and 38b in the regions 82 and 84 to be 
shorted together. 

Consequently, in light of the above, it Would be desirable 
to have a method for fabricating a memory cell such that the 
formation of an ONO fence and resulting poly stringers is 
eliminated or otherWise substantially reduced. 

SUMMARY OF THE INVENTION 

The present invention provides for a method of manufac 
turing a memory cell Which mitigates the formation of poly 
stringers resulting from an ONO fence. ONO fences typi 
cally result from an anisotropic etching step Which leaves an 
ONO fence on sideWalls of a poly I layer. As noted above, 
the ONO fence can result in the formation of poly stringers 
Which Will short adjacent memory cells. The present inven 
tion ?rst oxidiZes portions of the poly I layer and then etches 
aWay the oxidiZed poly I portions so that the sideWalls of the 
remaining poly I layer portions are gradually sloping rather 
than steep. As a result, a subsequently deposited ONO layer 
Will have a substantially uniform thickness and thus can be 
cleanly etched. Therefore, When the ONO etch is performed 
an ONO fence does not result Which in turn prevents poly 
stringers from forming. According to the present invention, 
a poly I layer is masked to pattern future memory cells. In 
other Words, a poly I mask is con?gured to isolate ?oating 
gate regions of memory cells in a desired manner. The 
unmasked portions of the poly I layer are transformed into 
insulating portions (e.g., silicon oxide, silicon dioxide) by a 
suitable technique in accordance With the present invention. 
The resulting insulating portions are etched aWay so as to 
isolate the ?oating gates of patterned memory cells from one 
another. 

More speci?cally, since oxidiZed portions of the poly I 
layer are etched to result in poly I portions having gently 
sloping sideWalls, changes in the height of the surface of the 
Wafer result from gentle undulations rather than from sub 
stantially abrupt 90° steps. Thus, gaps betWeen adjacent 
memory cells formed from the etching of the oxidiZed poly 
I portions have gently sloping sideWalls as compared to the 
substantially 90° poly I gap sideWalls of conventional 
memory cells. Therefore, the present invention provides for 
deposition of an ONO layer of substantially uniform thick 
ness Which mitigates subsequent formation of an ONO fence 
Which might lead to poly I stringers. 

Furthermore, because gaps betWeen roWs of poly I layer 
have gradually sloping sideWalls, the ONO layer and poly II 
layer deposited over the poly I layer do not have abrupt 
steps, Which results in nearly uniform step height of the 
ONO ?lm as seen by the highly anisotropic poly I etch. As 
a result of forming a poly II layer Without abrupt steps, a 
maximum step height of the poly II layer is reduced. The 
reduction in maximum step height of the poly II layer affords 
for reducing over etch requirements for the poly II material. 
In other Words, since the maximum step height of the poly 
II layer is reduced, as compared to conventionally fabricated 
memory devices, less etching of the poly II layer is required. 

In addition, the mitigation of abrupt step heights of the 
various layers by the present invention also results in a 
second gate stack (e.g., comprising a polysilicon layer, a 
silicide layer and a topside layer) of loW resistance (i.e., less 
cracks) as compared to second gate stacks fabricated in 
accordance With conventional techniques. There is an 
increasing demand for miniaturiZation in the memory cell 
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industry. This demand has led to an ever constant reduction 
in separation betWeen memory cells in order to reduce chip 
siZe and/or increase density. As a result, gaps betWeen 
?oating gates of adjacent memory cells have become 
increasingly smaller. HoWever, such gaps still may include 
steep sideWalls. Consequently, the combination of steep 
sideWalls and small gap Width leads to difficulty in depos 
iting layer material Within the small gaps as can be seen in 
prior art FIG. 14. As a result, portions of layers deposited 
over such gaps may be Weak. In other Words, in conven 
tionally fabricated memory devices, breaks, cracks or holes 
may result in a topside layer 45 and possibly underlying 
layers at portions lying over the gaps betWeen poly I lines. 
Therefore, by reducing or eliminating the abrupt step heights 
the respective layers are less susceptible to cracks and as a 
result exhibit loW resistance. 

Thus, the present invention improves memory cell reli 
ability and manufacturability by preventing formation of 
poly I stringers caused by an ONO (oxide-nitride-oxide) 
fence, provides for reduction of over etch requirements of 
gate structure layer materials (e. g., poly II layer) and affords 
for a second gate stack having loW resistance. 

In accordance With one speci?c aspect of the present 
invention, a method for fabricating a ?rst memory cell and 
a second memory cell electrically isolated from each other 
is provided. A ?rst polysilicon (poly I) layer is formed on an 
oxide coated substrate. The poly I layer is masked to pattern 
?oating gates of the ?rst memory cell and the second 
memory cell and an unmasked portion therebetWeen. The 
unmasked portion of the poly I layer is transformed into an 
insulator via thermal oxidation. The insulator is etched so as 
to form a gap having gradually sloping sideWalls betWeen a 
?oating gate of the ?rst memory cell and a ?oating gate of 
the second memory cell. 

According to another speci?c aspect of the present 
invention, a group of memory cells is provided. The group 
includes a ?rst memory cell and a second memory cell, the 
?rst and second memory cells each including a poly silicon 
(poly I) layer, the poly I layers serving as ?oating gates. The 
group also includes a gap having gently sloped sideWalls to 
isolate the ?oating gate of the ?rst memory cell from the 
?oating gate of the second memory cell, the gap being 
formed by transforming an unmasked portion of the poly I 
layer into an electrically nonconductive medium via thermal 
oxidation and etching the electrically nonconductive 
medium so as to form the gap betWeen the ?oating gate of 
the ?rst memory cell and the ?oating gate of the second 
memory cell. 

In accordance With still another speci?c aspect of the 
present invention, a method for fabricating a ?rst memory 
cell and a second memory cell electrically isolated from 
each other is provided. A ?rst polysilicon (poly I) layer is 
formed on an oxide coated substrate. Then, a sacri?cial 
oxide layer and nitride layer are formed for masking the poly 
I layer. At least a portion of the masking layer is etched to 
pattern the ?rst memory cell and the second memory cell and 
an unmasked portion therebetWeen. The unmasked portion 
of the poly I layer is transformed into an insulator via 
thermal oxidation such that the insulator separates a ?oating 
gate of the ?rst memory cell from a ?oating gate of the 
second memory cell. The insulator is etched so as to form a 
gap having gradually sloping sideWalls betWeen a ?oating 
gate of the ?rst memory cell and a ?oating gate of the second 
memory cell, the gap isolating the ?oating gate of the ?rst 
memory cell from the ?oating gate of the second memory 
cell. Thereafter, an interpoly dielectric layer and a second 
polysilicon (poly II) layer are formed substantially free of 
abrupt changes in step height. 
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Yet another speci?c aspect of the present invention pro 
vides for a method for fabricating a ?rst memory cell and a 
second memory cell electrically isolated from each other. A 
?rst polysilicon (poly I) layer is formed on an oxide coated 
substrate. The poly I layer is masked to pattern ?oating gates 
of the ?rst memory cell and the second memory cell and an 
unmasked portion therebetWeen. The unmasked portion of 
the poly I layer is transformed into an insulator via thermal 
oxidation; and the insulator is etched. 

To the accomplishment of the foregoing and related ends, 
the invention, then, comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
folloWing description and the anneXed draWings set forth in 
detail certain illustrative embodiments of the invention. 
These embodiments are indicative, hoWever, of but a feW of 
the various Ways in Which the principles of the invention 
may be employed. Other objects, advantages and novel 
features of the invention Will become apparent from the 
folloWing detailed description of the invention When con 
sidered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW schematically illustrating a prior art 
layout of a memory device; 

FIG. 2 is a schematic diagram illustrating a prior art core 
portion of a memory circuit; 

FIG. 3 is a partial cross-sectional vieW of a prior art 
stacked gate memory cell; 

FIG. 4 is a perspective illustration of a portion of a prior 
art memory device at an early stage in fabrication; 

FIG. 5 is a perspective illustration of the prior art memory 
device of FIG. 4 after formation of an ONO layer,. 

FIG. 6a is a perspective illustration of the prior art 
memory device of FIG. 5 after formation of a poly II layer; 

FIG. 6b is a cross-sectional vieW shoWing the variation in 
thickness of the poly II layer in the vicinity of the step in 
poly 1; 

FIG. 7 is a perspective illustration of the prior art memory 
device of FIG. 6a after a resist layer has been laid doWn and 
portions of the poly II layer have been etched aWay; 

FIG. 8 is a cross-sectional vieW of the poly I layer, having 
the ONO layer thereon, of the prior art memory device of 
FIG. 7; 

FIG. 9 is a cross-sectional vieW of the prior art memory 
device of FIG. 8, Wherein the ONO layer is being etched 
aWay; 

FIG. 10 is a cross-sectional vieW of the prior art memory 
device of FIG. 9, depicting an ONO fence remaining along 
sideWalls of the poly I layer after the ONO etch step; 

FIG. 11 is a cross-sectional vieW of the prior art memory 
device of FIG. 10 Wherein the poly I layer is being etched 
aWay; 

FIG. 12 is a cross-sectional vieW of the prior art memory 
device of FIG. 11 Wherein the ONO fence shields poly I 
portions from being etched aWay during the poly I etch of 
FIG. 11; 

FIG. 13 is a perspective illustration of the prior art 
memory device of FIG. 12 depicting ONO fences and poly 
stringers electrically shorting ?oating gates of adjacent 
memory cells; 

FIG. 14 is a cross-sectional vieW of a prior art memory 
device Where breaks have occurred in a topside layer; 

FIG. 15 is a perspective illustration of a portion of a 
memory device at an early stage in fabrication in accordance 
With the present invention; 
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FIG. 16 is a cross-sectional illustration of the memory 

device of FIG. 15 Wherein a sacri?cial oXide layer is 
deposited over a poly I layer in accordance With the present 
invention; 

FIG. 17 is a cross-sectional illustration of the memory 
device of FIG. 16 Wherein a nitride layer is deposited over 
the sacri?cial oXide layer in accordance With the present 
invention; 

FIG. 18 is a cross-sectional illustration of the memory 
device of FIG. 17 after portions of the nitride layer have 
been etched aWay in accordance With the present invention; 

FIG. 19a is a cross-sectional illustration of the memory 
device of FIG. 18 Wherein eXposed portions of the sacri?cial 
oXide layer and poly I layer are oXidiZed in accordance With 
the present invention; 

FIG. 19b is a cross-sectional illustration of the memory 
device of FIG. 19a after the remaining nitride layer portions 
and the sacri?cial oXide layer have been stripped aWay in 
accordance With the present invention; 

FIG. 19c is a cross-sectional illustration of the memory 
device of FIG. 19b after the oXidiZed poly I portions have 
been etched aWay and an ONO layer subsequently deposited 
over the remaining poly I layer and ?eld oXide regions in 
accordance With the present invention; 

FIG. 20 is a cross-sectional illustration of the memory 
device of FIG. 19c after a poly II layer has been deposited 
over the ONO layer in accordance With the present inven 
tion; 

FIG. 21 is a perspective draWing illustrating the memory 
device of FIG. 20 after an unmasked portion of the poly II 
layer and ONO layer have been etched aWay to the poly I 
layer in accordance With the present invention; and 

FIG. 22 is a perspective draWing illustrating electrically 
isolated memory cells after a substantially ?nal etching step 
in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will noW be described With refer 
ence to the draWings, Wherein like reference numerals are 
used to refer to like elements throughout. 

The present invention ?rst oXidiZes portions of a poly I 
layer and then etches. aWay the oXidiZed poly I portions so 
that the sideWalls of the remaining poly I layer portions are 
gradually sloping. As a result, a subsequently deposited 
ONO layer has a substantially uniform thickness and thus 
can be cleanly etched. Therefore, When an ONO etch is 
performed an ONO fence does not result Which in turn 
prevents poly stringers from forming. The elimination of the 
ONO fence prevents the formation of poly stringers Which 
as mentioned above may short out adjacent memory cells. 
Additionally, the present invention provides a substrate for 
deposition of the poly II layer that is substantially free of 
abrupt 90° steps. This results in reduced maXimum ?lm 
thickness or step height for the poly II layer as compared 
With that of memory cells fabricated in accordance With 
conventional processes. The reduction in maXimum step 
height of the poly II layer affords for reduced over etching 
requirements of the poly II layer. 

Turning noW to FIG. 15, an overall arrangement of a 
memory device 100 at an early stage of formation is shoWn 
in accordance With the present invention. In particular, a 
silicon substrate 112 is shoWn comprising ?eld oXide regions 
114 and tunnel oXide regions 116. It should be appreciated 
that although speci?c layering materials are identi?ed in the 
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preferred embodiment, any materials suitable for carrying 
out the present invention may be employed and fall Within 
the scope of the claims. A doped polycrystalline silicon 
(polysilicon or poly I) layer 120 is laid doWn over the 
substrate 112. In the present invention, the poly I layer 120 
is not etched as is done conventionally. Rather, as Will be 
discussed in greater detail beloW, portions of the poly I layer 
120 are transformed into insulating portions such as for 
example silicon dioxide. The insulating portions serve as 
nonconductive isolators betWeen the ?oating gates (i.e., poly 
I layers) of adjacent memory cells of the memory device 
100. 

Turning noW to FIGS. 16—18, a hard masking layer 122 
(FIG. 17) is groWn/deposited over the poly I layer 120. In the 
preferred embodiment, the hard masking layer includes a 
barrier oxide (i.e., sacri?cial oxide layer 130) (FIG. 16) and 
a nitride layer 134 (FIG. 17) over it. More speci?cally, an 
oxide is initially groWn/deposited over the poly I layer 120 
to form the sacri?cial oxide layer 130. The sacri?cial oxide 
layer 130 is employed to compensate for the highly tensile 
characteristics of the subsequently deposited nitride layer 
134. In other Words, if the nitride layer 134 Was directly 
deposited on the poly I layer 120, the highly tensile char 
acteristics of the nitride layer 134 might result in damage to 
the poly I layer 120 during instances of thermal mismatch. 
HoWever, it is to be appreciated that employment of the 
sacri?cial oxide layer 130 may be omitted if desired. Next, 
as shoWn in FIG. 17 the topside layer 134 (e.g., silicon 
nitride) is groWn/deposited over the sacri?cial oxide layer 
130 to complete the hard masking layer 122. Next suitable 
photolithography steps are carried out so as to de?ne areas 
of the silicon nitride layer 134 Which are to be etched aWay. 
Aphotoresist (not shoWn) is lithographically patterned over 
portions of the nitride layer 134 to de?ne portions of the poly 
I layer 120 that are to be transformed into insulative mate 
rial. FIG. 18 illustrates the silicon nitride layer 134 being 
etched aWay at portions not covered by the photoresist so as 
to expose portions of the sacri?cial oxide layer 130 and 
underlying poly I layer 120. As Will be readily apparent from 
the discussion beloW, the portions of the poly I layer 
underlying the exposed portions of the sacri?cial oxide layer 
130 Will be oxidiZed. The nitride layer 134 may be etched 
aWay for example by exposing the nitride layer to an HF dip 
to remove any oxide that may have formed over the nitride 
layer 134. Thereafter, a plasma etch is employed to etch the 
nitride layer. 

The exposed portions 136a, 136b and 136c (collectively 
referred to by reference numeral 136) of the poly I layer 120 
Will be transformed into insulating material (e.g., silicon 
dioxide) as Will be discussed in greater detail beloW. The 
exposed portions 136 Will be etched aWay to leave gaps 
having gradually sloping sideWalls Which Will isolate ?oat 
ing gates of adjacent memory cells. As noted above, such 
isolating Was conventionally achieved by etching of the poly 
I layer to form gaps having steep sideWalls betWeen ?oating 
gate lines. HoWever, such etching of the poly I layer 
contributed to the formation of poly stringers because sub 
sequently deposited ONO Was not of uniform thickness. 
After an ONO etch Was performed, areas of thicker ONO 
Were not completely etched aWay and resulted in formation 
of an ONO fence Which could lead to the formation of poly 
stringers. In the present invention, such open gaps betWeen. 
adjacent ?oating gate lines do not have steep sideWalls but 
rather gently sloping Walls so that subsequently deposited 
ONO Will have a substantially uniform thickness (ie., thick 
ness of the ONO is de?ned as the depth of the ONO 
perpendicular to the Wafer surface) and is more readily 
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etched. Thus, formation of an ONO fence is mitigated Which 
in turn mitigates formation of poly stringers. 

After the nitride layer 134 is suitably etched, the photo 
resist is stripped and suitable pre-oxidation cleaning steps 
are performed. For example, one method for stripping the 
photoresist might include employing a dry photoresist strip 
in an O2 plasma or oxygen plasmastrip and/or a Wet clean 
using sulfuric acid or ammonium hydroxide mixed With 
ioniZed Water and hydrogen peroxide. It Will be appreciated 
that any suitable method or means for stripping the photo 
resist and performing preoxidation cleaning may be 
employed and fall Within the scope of the present invention. 

Preferably, the oxidation of the exposed poly I portions 
136a, 136b and 136c is performed via employment of 
suitable thermal oxidation techniques. For example, accord 
ing to one speci?c aspect of the invention an entire Wafer 
from Which the memory device 100 is to be fabricated is 
placed in a quartZ tube in a vertical or horiZontal type heat 
treatment furnace. An oxidiZing source such as oxygen and 
Water vapor is fed into the quartZ tube, the Wafer is heated 
up (i.e., annealed) to approximately 900° C. and thus the 
unmasked or exposed portions 136a, 136b and 136c of the 
poly I layer 120 are oxidiZed. It is to be appreciated that any 
suitable oxidation techniques for oxidiZing the poly I layer 
in accordance With the present invention may be employed 
and fall Within the scope of the present invention. 
Depending on the thermal budget for a particular device, 

the anneal may be either a furnace anneal, a rapid thermal 
anneal (RTA) or any other suitable anneal. As a result of the 
anneal, the selected portions 136 of the poly I layer 120 (i.e., 
those portions of the poly I layer not masked by the masking 
layer 122) are transformed into insulating material. 

Referring noW to FIG. 19a, the unmasked portions 136 
are shoWn transformed into silicon dioxide (SiO2) via the 
aforementioned oxidation step. As a result of the oxidation, 
the unmasked portions 136 are transformed into silicon 
dioxide portions 160a, 160b and 160C (collectively identi 
?ed as reference numeral 160). The silicon dioxide portion 
(s) 160 shall serve to provide for gently sloping sideWalls of 
the non-oxidiZed poly I portions 120 after etching of the 
silicon dioxide portions 160. In particular, the poly I portions 
136 Will be oxidiZed in an isotropic manner Which results in 
unoxidiZed portions of the poly I layer 120 (that lie adjacent 
the oxidiZed portions 160) having gently sloping sideWalls. 

Referring noW to FIG. 19b, after the silicon dioxide 
portions 160 are formed the remaining portions of nitride 
layer 134 and sacri?cial oxide layer 130 are stripped leaving 
an exposed poly I layer 120 With oxidiZed portions 160. 

Next, the oxidiZed poly I portions 160 are etched aWay 
using suitable etching techniques. As noted above, the 
oxidation of the poly I portions 160 is substantially isotropic 
so that When etched aWay the remaining non-oxidiZed poly 
I portions 120 have sideWalls of gently slope. As can be seen 
in FIG. 19c, an ONO layer 176 subsequently deposited over 
the poly I layers 120 and the exposed ?eld oxide portions 
114 has a substantially uniform thickness as a result of the 
gradually sloping sideWalls of the poly I portions 120. Thus, 
the ONO layer 176 Will be fully exposed to plasma etch 
(e.g., substantially free of abrupt steps). In other Words since 
no discrete vertical surfaces are created in the poly I layer 
120, the ONO layer 176 is free of abrupt vertical transitions 
that could create substantial disparity in ONO thickness as 
in conventionally fabricated memory devices (see e.g., FIG. 
5). 
An ONO fence is thus prevented from forming along 

sideWalls of the poly I layer 120. More particularly, ONO is 
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laid doWn substantially uniformly in thickness because gaps 
166 betWeen the poly I lines 120 have gradually sloped 
sideWalls rather than abrupt sideWalls as in conventional 
memory cells. The elimination of ONO fence formation 
results in the avoidance of poly I stringers being formed as 
a result of an ONO fence shielding portions of the poly I 
material during an initial etching step as described above. 
(see e.g., prior art FIG. 14). 

Turning noW to FIGS. 20—22 in consecutive order, a poly 
II layer 180 is shoWn being laid doWn over the ONO layer 
176. Because the ONO layer 176 is substantially free of 
abrupt steps, the poly II layer 180 deposited thereon is also 
substantially free of abrupt steps. Thereafter, the poly II 
layer 180 is masked such that unmasked portions 190 of the 
poly II layer 180 and ONO layer 176 are etched. aWay using 
suitable techniques. Finally, the portions of poly I 120 that 
are unmasked are etched aWay to leave isolated memory 
cells 200. 

The present invention thus provides for deposition/groWth 
of an ONO layer having substantially uniform thickness 
Which can be fully etched. Therefore, When an ONO etch is 
performed an ONO fence does not result Which in turn 
prevents poly stringers from forming. Additionally, the 
present invention provides a substrate for deposition of the 
poly II layer that is substantially free of abrupt steps. This 
results in reduced maximum ?lm thickness for the poly II 
layer as compared With that of memory cells fabricated in 
accordance With conventional processes. The reduction in 
maximum ?lm thickness of the poly II layer affords for 
reduced over etching requirements of the poly II layer. 
Furthermore, the gently sloping sideWalls of remaining poly 
I portions of the present invention afford for reducing the 
formation of cracks in subsequently deposited ?lms. 

It Will be appreciated that although the present invention 
is described With respect to forming silicon dioxide insulat 
ing portions, any suitable material may be employed as the 
insulating portions. For example, but not to be considering 
limiting, the insulating portions may comprise silicon oxide. 
An exemplary procedure for forming the silicon dioxide 
portions is explained above, hoWever, any suitable technique 
for forming silicon dioxide or other suitable insulating 
material (e.g., SiOXQCZD) may be employed to carry out the 
present invention and is intended to fall Within the scope of 
the claims. 

Furthermore, it is to be appreciated that a partial etch of 
the poly I layer 120 may be performed prior to oxidation 
thereof in order to compensate for excessive lateral spread 
ing of the oxidiZed poly I portions 160 as compared to the 
thickness of the poly I layer 120. 

Those skilled in the art Will recogniZe that the 
embodiment(s) described above and illustrated in the 
attached draWings are intended for purposes of illustration 
only and that the subject invention may be implemented in 
various Ways. It is, of course, not possible to describe every 
conceivable combination of components or methodologies 
for purposes of describing the present invention, but one of 
ordinary skill in the art Will recogniZe that many further 
combinations and permutations of the present invention are 
possible. Accordingly, the present invention is intended to 
embrace all such alterations, modi?cations and variations 
that fall Within the spirit and scope of the appended claims. 
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What is claimed is: 
1. A group of memory cells, comprising: 

a ?rst memory cell and a second memory cell, the ?rst and 
second memory cells each including a poly silicon 
(poly I) layer, the poly I layers serving as ?oating gates; 
and 

a gap having gently sloped sideWalls to isolate the ?oating 
gate of the ?rst memory cell from the ?oating gate of 
the second memory cell, the gap being formed by 
transforming an unmasked portion of the poly I layer 
into an electrically nonconductive medium via thermal 
oxidation and etching the electrically nonconductive 
medium so as to form the gap betWeen the ?oating gate 
of the ?rst memory cell and the ?oating gate of the 
second memory cell, 

Wherein the slope of the gap sideWalls is such that a layer 
of material deposited over the ?oating gates and the gap 
Will be substantially free of abrupt steps. 

2. The group of claim 1, Wherein the layer of material is 
oxide-nitride-oxide (ONO) having a substantially uniform 
thickness after being deposited over the ?oating gates and 
the gap. 

3. The group of claim 1, the electrically nonconductive 
medium being SiOxCc; . 

4. The group of claim 1, the ?rst memory cell further 
including an interpoly dielectric layer and a second poly 
silicon (poly II) layer. 

5. The group of claim 1, the thermal oxidation including 
a step of furnace oxidation. 

6. The group of claim 1, Wherein the unmasked poly I 
material is partially etched prior to thermal oxidation to 
prevent excess lateral spreading of the oxidiZed poly I 
material. 

7. A group of memory cells, comprising: 
a ?rst ?oating gate and an adjacent second ?oating gate, 

the ?rst and second ?oating gates forming a substan 
tially U-shaped gap therebetWeen Which facilitates iso 
lating the ?rst ?oating gate from the second ?oating 
gate, the U-shaped gap having gently sloping sideWalls, 
Wherein the slope of the gap sideWalls is such that a 
layer of material deposited over the ?oating gates and 
the gap Will be substantially free of abrupt steps. 

8. The group of claim 7, Wherein the layer of material is 
oxide-nitride-oxide (ONO) having a substantially uniform 
thickness after being deposited over the ?oating gates and 
the gap. 

9. The group of claim 7, a ?rst memory cell further 
including an interpoly dielectric layer and a second poly 
silicon (poly II) layer. 

10. A group of memory cells, comprising: 
a ?rst ?oating gate and a second ?oating gate, the ?rst and 

second ?oating gates having respective curvilinear sur 
face portions Which engage With surface portions of a 
?eld oxide region so as to form a gap having gently 
sloping sideWalls, the gap facilitating isolating a ?rst 
memory cell from a second memory cell, 

Wherein the slope of the gap sideWalls is such that a layer 
of material deposited over the ?oating gates and the gap 
Will be substantially free of abrupt steps. 

11. The group of claim 10, Wherein the layer of material 
is oxide-nitride-oxide (ONO) having a substantially uniform 
thickness after being deposited over the ?oating gates and 
the gap. 


